Abstract--This study was conducted to determine the effects of Plant Growth-Promoting Rhizobacteria strains on seedling growth and quality of cucumber (Cucumis sativus L.). Bacillus pumilis and Alcaligenes piechaudii strains were used as plant growth promoting rhizobacteria (PGPR). The PGPR strains were applied as seed and/or drench treatments. Results showed that PGPR treatments as seed and drench significantly affected the seedling height, stem diameter, leaf number, cotyledon diameter, leaf area, and shoot and root weight when compared with control. As a result, based on the results of the experiment reported herein, the use of rhizobacteria treatments may provide a means of improving seedling growth and quality in cucumber.
I. INTRODUCTION
The use of quality seedling is precondition to increase yield and quality of vegetable crops. Commercial vegetable seedling production in Turkey has increased significantly in recent years. In fact, the number of annual production amount has reached three billion. Liquid fertilizers including nitrogen are used during seedling production. Large amount of the applied fertilizers can be lost from agricultural systems as N2, trace gases, and nitrate leaching, and may potentially contribute to ground and surface water pollution, resulting harmful environmental effects. The use of plant growth promoting rhizobacteria (PGPR) with the goal of improving nutrients availability for plants has been suggested to be important and necessary for agriculture [1] .
PGPR are colonized in plant roots and increase plant growth and yield [2] . Plant growth promoting rhizobacteria (PGPR) contains the strains in the genera Acinetobacter Alcaligenes, Arthrobacter, Azospirillium, Azotobacter, Bacillus, Beijerinckia, Burkholderia, Enterobacter, Erwinia, Flavobacterium, Rhizo-bium and Serratia [3] , [4] , [5] , [6] , [7] , [8] .
PGPR can facilitate plant growth indirectly by reducing plant pathogens, or directly by facilitating the uptake of nutrients from the environment, by influencing phytohormone production (e.g. auxin, cytokinin, or giberallin), and/or by enzymatic lowering of plant ethylene levels. But, the mechanisms of plant growth promoting by rhizobacteria is still completely unknown [9] , [10] , [11] , [12] . Many researchers reported that bacterial applications increased plant growth in different plants. There are important positive effects of bacteria on the yield and growth of vegetables such as, rocket, tomatoes, cucumber, cauliflower, pepper, potato, radish and lettuce [13] , [14] , [15] , [16] , [17] , [18] , [19] . The aim of this study was to determine the effects of PGPR on seedling growth and quality of cucumber (Cucumis sativus L.).
II. MATERIALS AND METHODS
Growth conditions and plant materials: The study was conducted under growth chamber conditions at the Atatürk University in Turkey in 2012. Cucumber (Cucumis sativus L. cv Cevher F1) seedlings were maintained under artificial light conditions, approximate day/night temperature of 25/18°C and 75% relative humidity during the experiment. Cucumber seeds were sown into 45 celled-trays filled with peat (pH: 5.5, EC: 250 dSm-1, N:300 mgL-1, P: 131 mgL-1, K: 333.33 mgL-1,organic matter: 2%). There was no nutrition application during the experiments.
Strains of bacteria: Bacterial strains, Bacillus pumilis and Alcaligenes piechaudii were obtained from Department of Plant Protection at Ataturk University. Bacteria were grown on nutrient agar (NA) for routine use and maintained in nutrient broth (NB) with 30 % glycerol at -80 ºC for long-term storage. For this experiment, the bacterial strains were grown on nutrient agar. A single colony was transferred to 250 mL flasks containing nutrient broth and grown aerobically in flasks on a rotating shaker (95 rpm) for 48 h at 27 ºC. The bacterial suspension was then diluted in sterile distilled water to a final concentration of 10 8 CFU mL -1 and the resulting suspensions were used to treat cucumber seeds and drench. The seeds were soaked with bacterial suspensions at 2 hours in seed treatments and the plants were irrigated with bacterial suspension (10 8 CFU mL -1 ) 10 days after planting in drench treatments.
Data analysis: Forty days after sowing, twenty plants from each replicate were harvested, and data on plant growth variables such as shoot fresh weight, root fresh weight, shoot dry weight and root dry weight, stem diameter (cm), cotyledon length and width (cm), seedling height (cm), hypocotyl height (cm), leaf area and leaf number were determined. The plant material for dry weight was dried at 70°C for 48 hours. The area of the green leaves was quantified with a leaf area meter (LI-3100, LICOR). A portable chlorophyll meter (SPAD-502, Konica Minolta Sensing, Inc., Japan) was used to measure leaf greenness. SPAD-502 chlorophyll meter estimates total chlorophyll amounts in leaves in a non-destructive method. Experiment consisted of a completely randomized design with 4 replicates per treatment and 45 plants per replicates. All data in the present study were subjected to analysis of variance using SPSS 18 (PASW Statistics 18) [20] statistical program. Means were separated by Duncan's multiple range tests.
III. RESULTS AND DISCUSSION
The effect of PGPR on seedling height, stem diameter, leaf number, cotyledon diameter, leaf area, shoot weight and root weight of cucumber seedling are presented in Table 1 . The highest seedling height (6,25cm) was obtained from Alcaligenes piechaudii seed and drench applications as comparing to that of the other applications. The highest stem diameter (2,10 and 2,09cm), leaf number (3,17 and 3,13), cotyledon width (2,50 and 2,49cm), leaf area (28,36 and 27,60cm
2 ), shoot weight (2,77and 3,00 g) and fresh root weight (0,51and 0,47g) were obtained from Bacillus pumilis and Alcaligenes piechaudii seed applications respectively. Lowest values of these parameters were recorded in the control.
The result of this study showed that PGPR applications (seed and drench) comparing to control treatment increased the parameters of seedling growth and quality in cucumber. Similarly, Kıdoglu et al. [21] were reported that inoculation with PGPR increased in growth of cucumber, tomato and pepper seedling. It was reported that PGPR applications increased shoot weight, shoot length, and stem diameter of muskmelon and watermelon seedlings [22] . Garcia et al. [16] studied the effects of PGPR on tomato and pepper seedling grown in different mixtures. They determined that the PGPR increased tomato and pepper seedling grown in different media.
Many researchers reported that PGPR treatments improved plant growth in different vegetable crops. There are important positive effects of PGPR on the yield and growth of crops such as, rocket, lettuce, tomatoes, cucumber, cauliflower, pepper, muskmelon, watermelon, potato, and radish [13] , [14] , [15] , [16] , [17] [22] , [18] , [19] .These positive effects of PGPR can be explained by improving plant productivity, including nitrogen fixation, phosphate solubilization, plant growth promotion, and biological control of plant pathogens. The bacterial strains used in this study showed same results with previous studies. In this study it was shown that fixation of nitrogen ability of bacteria may have the main factor effecting seedling growth. Also, solubilization of phosphorus and production of hormones (such as IAA) may have positive effect on seedling growth on cucumber.
IV. CONCLUSION
Although, the effects of bacterial applications depend on the crop species, the results of this study showed that Bacillus pumilis and Alcaligenes piechaudii have a great potential in increase cucumber seedling growth and quality. Various studies implicated that bacteria (PGPR) may effects in the increasing of plant growth and yield. Bacterial application is safe, effective and easily adopted by farmers. Therefore, they may use as biofertilizer for vegetable production in sustainable and ecological farming. 
